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SI Figure 3 . Identification of key residues for Tat-11mer. a. Autophagy induction in HeLa cells, analyzed using p62 and LC3 immunoblots, for key analogs of Tat-11mer. Two exposures are shown for p62 blots, short and long. Actin is shown as a loading control. Alanine scan peptides for Tat-11mer were tested, as well as peptide Tat-Bec1 Mini 11, and the retro inverso version of Tat-11mer, D-(Tat-11mer). All peptides were tested at 10 M, except for D-(Tat-11mer) tested at 10 and 20 M. b. Sequences of Tat-11mer alanine scan peptides tested in a. c. Additional controls for Tat-11mer including Phe to Ser substitutions and a scrambled version of Tat-11mer, Tat-11scr. All peptides were tested at 10 M.
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SI Figure 4 . pa-10mer has minimal effect on autophagic flux. A GFP-LC3 puncta assay in HeLa cells, identical to the assay shown in Fig. 3f , was used to quantify the effect of pa-10mer on autophagic flux. pa-10mer showed a very mild effect on autophagic flux, and this effect was not dose-dependent. GFP-LC3 HeLa were treated with peptide at the indicated concentration, with or without bafilomycin A1 (BafA1). Similar results were obtained in at least 3 independent experiments. Bars represent mean +/-s.e.m. for triplicate samples (at least 100 cells analyzed per sample). * denotes P < 0.05, ** denotes P < 0.01, and *** denotes P < 0.001 by t-test for indicated group vs. DMSO control. Figure 5 . Location of staple within peptide sequence affects activity. Autophagy induction in HeLa cells, analyzed using p62 and LC3 immunoblots. Actin is shown as a loading control. These blots show that no autophagy induction was observed when the staple was moved to the C-terminal end of the Beclin 1-derived sequence. The stereochemistry of the cysteines was varied and three different linkers were used (ortho-xylene, meta-xylene and allyl), but for all peptides no autophagy induction was observed. Concentrations are noted in micromolar. Peptide sequences are given in SI Table 1 . Table 1 .
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SI Figure 7. N-terminal cap of DD5-o affects autophagy induction. Autophagy induction in HeLa cells
for additional peptides, analyzed using p62 and LC3 immunoblots. Actin is shown as a loading control. Activity was observed for analogs of DD5-o with a benzoic acid cap, a hexanoic acid cap and a pentenoic acid cap at 50 M. In contrast, no activity was observed for the nicotinic acid cap. Concentrations are noted in micromolar. Peptide sequences are given in SI Table 1 . NMR spectra were processed in Bruker Topspin software and imported into CcpNMR Analysis v2.4.2 for assignments and to generate distance constraints. A total of 114 NOEs were compiled, including 12 medium-and long-range NOEs. Three phi dihedral angle constraints, derived from JN H -Cα H coupling constants, were also compiled. These were used as constraints in simulated annealing experiments using CNS Solve version 1.3. Simulated annealing involved a high-temperature annealing stage of 1000 steps, followed by two slow-cooling stages, each 1000 steps, which was then followed by a 10 cycles of 200 steps of energy minimization. Structure calculations were iterated until the distance and dihedral violations were completely resolved. A total of 25-lowest energy structures with no NOE and dihedral angle violation greater than 0.1 Å and 5°, respectively, were then selected for further analysis. Note: for software compatibility purposes, the pentynoic acid cap was numbered residue 1, the first amino acid (Val) was numbered 2, and so on. Table 3 . List of NOE-derived distance constraints and phi dihedral angle restraints used to calculate solution NMR structures of DD5-o.
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Distance constraints:
assign ( resid 2 and name HN )( resid 2 and name HA ) 3.1 0.6 0.6 assign ( resid 2 and name HN )( resid 2 and name HB ) 3.0 0.6 0.6 assign ( resid 2 and name HN )( resid 2 and name HG2# ) 3.1 0.6 0.6 assign ( resid 2 and name HA )( resid 2 and name HB ) 3.0 0.6 0.6 assign ( resid 2 and name HA )( resid 2 and name HG2# ) 2.7 0.5 0.5 assign ( resid 2 and name HA )( resid 2 and name HG1# ) 2.7 0.5 0. assign ( resid 9 and name HB )( resid 6 and name HB1 ) 3.5 0.7 0.7 assign ( resid 9 and name HN )( resid 8 and name HA ) 3.2 0.6 0.6 assign ( resid 9 and name HN )( resid 8 and name HB2 ) 4.1 0.8 0.8 assign ( resid 9 and name HN )( resid 8 and name HB1 ) 3.6 0.8 0.8 assign ( resid 9 and name HN )( resid 9 and name HA ) 3.2 0.6 0.6 assign ( resid 9 and name HN )( resid 9 and name HB ) 2.8 0.6 0.6 assign ( resid 9 and name HN )( resid 9 and name HG11 ) 3.8 0.7 0.7 assign ( resid 9 and name HN )( resid 9 and name HG12 ) 3.9 0.8 0.8 assign ( resid 9 and name HA )( resid 9 and name HB ) 3.1 0.6 0.6 assign ( resid 9 and name HA )( resid 9 and name HG11 ) 3.3 0.7 0.7 assign ( resid 9 and name HA )( resid 9 and name HG12 ) 3.2 0.7 0.7 assign ( resid 9 and name HA )( resid 9 and name HG2# ) 3.2 0.7 0.7 assign ( resid 9 and name HG12 )( resid 9 and name HB ) 3.6 0.7 0.7 assign ( resid 9 and name HB )( resid 9 and name HD1# ) 2.9 0.6 0.6 assign ( resid 10 and name HN )( resid 7 and name HA ) 4.2 0.8 0.8 assign ( resid 10 and name HE3 )( resid 7 and name HA ) 4.2 0.8 0.8 assign ( resid 10 and name HD1 )( resid 7 and name HA ) 4.2 0.8 0.8 assign ( resid 10 and name HN )( resid 9 and name HN ) 3.6 0.8 0.8 assign ( resid 10 and name HN )( resid 9 and name HA ) 2.9 0.6 0.6 assign ( resid 10 and name HN )( resid 9 and name HB ) 3.8 0.7 0.7 assign ( resid 10 and name HD1 )( resid 9 and name HD1# ) 4.0 0.8 0.8 assign ( resid 10 and name HD1 )( resid 9 and name HB ) 4.0 0.8 0.8 assign ( resid 10 and name HN )( resid 10 and name HA ) 3.1 0.6 0.6 assign ( resid 10 and name HN )( resid 10 and name HB1 ) 3.0 0.6 0.6 assign ( resid 10 and name HN )( resid 10 and name HB2 ) 3.3 0.7 0.7 assign ( resid 10 and name HA )( resid 10 and name HB1 ) 3.0 0.7 0.7 assign ( resid 10 and name HA )( resid 10 and name HB2 ) 2.8 0.6 0.6 assign ( resid 10 and name HE3 )( resid 10 and name HB1 ) 3.2 0.8 0.8 assign ( resid 10 and name HE3 )( resid 10 and name HB2 ) 3.2 0.7 0.7 assign ( resid 10 and name HE3 )( resid 10 and name HA ) 3.8 0.6 0.6 assign ( resid 10 and name HD1 )( resid 10 and name HB2 ) 3.5 0.7 0.7 assign ( resid 10 and name HD1 )( resid 10 and name HB1 ) 3.3 0.7 0.7 assign ( resid 10 and name HD1 )( resid 10 and name HA ) 3.6 0.6 0.6 assign ( resid 10 and name HE1 )( resid 10 and name HD1 ) 3.0 0.6 0.6 assign ( resid 10 and name HE1 )( resid 10 and name HZ2 ) 3.5 0.7 0.7 assign ( resid 10 and name HN )( resid 10 and name HD1 ) 3.9 0.8 0.8 assign ( resid 11 and name HE1 )( resid 7 and name HA ) 4.3 0.9 0.9 assign ( resid 11 and name HN )( resid 10 and name HA ) 3.3 0.6 0.6 assign ( resid 11 and name HN )( resid 11 and name HA ) 3.0 0.7 0.7 assign ( resid 11 and name HA )( resid 11 and name HB1 ) 2.9 0.7 0.7 assign ( resid 11 and name HA )( resid 11 and name HB2 ) 2.8 0.6 0.6 assign ( resid 11 and name HN )( resid 11 and name HB1 ) 3.3 0.7 0.7 assign ( resid 11 and name HD2 )( resid 11 and name HA ) 3.5 0.7 0.7 assign ( resid 11 and name HD2 )( resid 11 and name HB2 ) 3.5 0.7 0.7 assign ( resid 11 and name HE1 )( resid 11 and name HD2 ) 4.1 0.8 0.8 assign ( resid 11 and name HB1 )( resid 11 and name HB2 ) 2. Table 4 . NMR structural data and refinement statistics for DD5-o. While it is not straightforward to calculate percent helicity using methanol-derived CD data, the helical signature supports the NMR results.
DD5-o NMR distance and dihedral constraints
SI Methods: molecular dynamics simulations of DD5-o in explicit water
Molecular dynamics (MD) simulations were performed with the Gromacs 4.6.7 engine 2 in conjunction with the CHARMM22 force field 3 with CMAP correction. 4 The parameters for the D-Cys residue and the o-xyl linker were determined based on chemical similarity to already-defined atom types (see SI Fig. 14) . The TIP3P water model 5 was used for solvent molecules. The average NMR structure, as solved in methanol, was used as the input configuration for the simulation. In the MD simulation, the N-terminal 4-pentynoic acid cap was replaced by an acetyl group, and the double protonation state for the two His residues was used. After an energy minimization of 1000 steps in vacuum, the peptide was solvated in a cubic water box. The dimension of the water box was chosen such that the minimum distance between the peptide and the box edges was 10 Å. Two Cl -ions were added to neutralize the net charge of the system. The solvated system was optimized for 5000 steps using the steepest descent algorithm to remove any bad contacts. With all peptide heavy atoms restrained to their initial positions, the minimized system was heated from 5K to 300K within 20 ps and relaxed for additional 30 ps. Before production, the system was further equilibrated for 100 ps with the peptide backbone atoms remain fixed.
The production simulation was performed in the NPT (isothermal-isobaric) ensemble at 300K / 1 bar. The temperature was controlled using the Nosé-Hoover thermostat 6,7 with a coupling constant of 1.0 ps. To alleviate the "hot-solvent/cold-solute" artifact, 8, 9 two separate thermostats were applied to both the peptide and the solvent molecules. The pressure of the system was maintained using an isotropic Berendsen barostat, 10 with a coupling time of 2.0 ps and a compressibility of 4.5×10 −5 bar −1
. All bonds were constrained with the LINCS algorithm 11 to enable the use of a 2 fs time step with the leap-frog algorithm.
12
The non-bonded interactions (Lennard-Jones and Columbic) were truncated at 8 Å. Long-range Columbic interactions beyond the cut-off distance were treated using the particle mesh Ewald (PME) summation method. 13 A long-range analytic dispersion correction was applied to both the energy and pressure to account for the truncation of Lennard-Jones interactions.
14 The production simulation was performed for 100 ns. In the production simulation, the C-terminal residues underwent side-chain reorganization and formed a related (slightly more α-helical) structure in water. Once formed, the structure was relatively stable during the rest of the simulation (see Supplemental Movie S1 for a representative 100 ns trajectory). This behavior was observed in three independent runs, which each started from different initial velocities (SI Fig. 15 ). Figure 14 . Atom type definitions applied to linker atoms for molecular dynamics simulations. CHARMM atom types and charges are noted for each atom in each D-Cys residue and the ortho-xylene linker. Figure 15 . Three independent 100-ns trajectories for DD5-o. These graphs illustrate overall secondary structure, as calculated using STRIDE, for residue during each 100 ns production run. fluorescence intensity values were calculated from these histograms. These mean intensity values were normalized to the no-TAMRA signal (No TMR, shown in gray) as the 0% value, and the no-peptide signal (TMR, shown in red) as the 100% value. Three independent replicates of each experiment were performed.
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